ABSTRACT: The paper presents the influence of oregano extract (Origanum vulgare L.) on growth of Aspergillus versicolor, Emericella nidulans, Eurotium herbariorum, E. amstelodami, E. chevalieri and E. rubrum -producers of sterigmatocystin (STC) isolated from salads. Antifungal tests were performed by agar plates method. The composition of the active component of extract was determined by GC-MS method and the major components were: carvacrol (34.20%), triacetin (22.91%), carvone (18.05%), p-cymene (8.05%) and thymol (3.74%).
INTRODUCTION
A. versicolor, E. nidulans, E. herbariorum, E. amstelodami, E. chevalieri and E. rubrum are classified in the group of xerophilic fungi. They are frequent contaminants of food low in free water content (water activity (aw) below 0.80) such as spices, stored grains, dried fruits, vegetables, etc. (P i t t and H o c ki n g , 1997; K o c i ć -T a n a c k o v et al., 2007; D i m i ć et al., 2008a) . These microorganisms deteriorate food by their metabolic activity causing enormous economic damage. Moreover, species possessing genetic base for mycotoxin production can biosynthesize sterigmatocystin (STC), nidulotoxin, dechloronidulin, penicillin, physcion, and echinulin in the substrate under favorable conditions. STC is a biological precursor of aflatoxin B1 (AB1) which is less toxic than AB1 (about 1/50 th as potent as AB1) (Te r a o , 1983), but shows similar toxic effects, since it is excreted at higher quantities. Consumption of food contaminated with mycotoxins might cause serious disorders in humans and animals, such as hepatome, kidney lesions, and myocardial heart necrosis, and there are indications that STC is a potent mutagenic agent, too.
The occurrence of mold growth in raw materials and food products, as well as the potential for mycotoxin production, can be reduced by numerous measures: thermal process, dehydratation, filtration, acids, smoke, sanitation improvement during processing, and most often, usage of synthetic preservatives. However, the demand for safe products without added preservatives and improvers has been increasing. Consequently, extensive investigations have been carried out on the application of essential oils, extracts and oleoresins, extracted from spices and aromatic herbs. These alternatives, natural preservatives have great potential for the prolongation of food shelf-life ( Oregano is a widely used spice in the food industry. It is mainly used for its aromatic properties with a primary role of enhancing the food taste and aroma.
This paper aims at investigating its other role, regarding antifungal activity of commercial oregano extract against some xerophilic fungi: A. versicolor, E. nidulans, E. herbariorum, E. amstelodami, E. chevalieri and E. Rubrum , producers of STC isolated from salads.
MATERIALS AND METHODS
Oregano extract. For the purpose of antifungal activity testing, commercially available food grade oregano (Origanum vulgare L.) extract was provided from ETOL Tovarna arom in eteričnih olj d.d., Celje, Slovenia.
Determination of extract composition. GC-MS analysis was carried out on a Varian T2100 GC-MS instrument equipped with data processor. A fused silica capillary columnVF-5MS (30 m x 0.25 mm i.d., 0.25 μm film thickness, Varian) was used for the separation of the sample components. The carrier gas, ultra pure helium, was passed through moisture and oxygen traps with constant flow rate of 0.62 cm 3 min -1 . The following temperature program was used: injector temperature of 230 °C, initial temperature of 40 °C (held for 5 min), temperature increase of 5°C min -1 to 200 °C and held at this temperature for 25 minutes. The mass spectrometer was operated in the electron ionization mode. Data acquisition was carried out in the scan mode (range 50-550 m/z). Injection volume was 1 μl.
The compounds were identified by matching the mass spectra with NIST Mass Spectra Library stored in the GC-MS database.
Fungal strains used. As testing microorganisms, the following xerophilic fungal species were used: Aspergillus versicolor (Vuill.) Antifungal assay. Antifungal activity of the extract was tested according to the agar plate method. PDA was used as a basic medium for antifungal activity testing. Equal volumes of medium (150 ml) were poured into 250-ml Erlenmeyer flasks and autoclaved for 15 minutes at 121ºC. After sterilization, the oregano extract was added to the cooled PDA medium at following concentrations: 0, 0.35, 0.7, 1.5 and 2.5% (v/v). The PDA medium was then poured into Petri plates (Ø 9 cm). Each plate was added with 12 ml of the medium.
Suspensions of conidial spores were prepared in a medium which contained 0.5% Tween 80 and 0.2% agar dissolved in distilled water, and they were adjusted to provide initial spore count of 10 6 spores/ml by using haemocytometer. For each extract dose and fungi species, including the controls, triplicate plates were centrally inoculated by spreading 1 μl of spore suspension (10 3 spores/ml) using inoculating loops. After inoculation, the Petri plates were closed with Parafilm.
Inhibition of the fungal growth was determined by daily measurements of diameter of radial colony growth during 14 days of incubation at 25 ±2ºC. The Parafilms were removed from the Petri dishes in which no colony growth was observed after 14 days, and the plates were left till the 30 th day to check the fungicidal effect (MFC) of the extracts. The inhibitory effect of oregano extract after 14 days was calculated following the formula (P a n d e y et al., 1982) :
where I is inhibition (%), C is colony diameter on the control plate (cm) and T is colony diameter on the test plate (cm).
Changes in macroscopic and microscopic features of fungi were also observed and compared to the controls. The macroscopic features were observed using a binocular, magnifying glass Technival 2, Carl Zeiss, whereas the microscopic features by using a microscope Aristoplan, Leitz.
Statistical analysis. Determination of the effect of oregano extract on the growth of tested fungi was carried out in 3 series and 2 replications. MS Sta-tistica 4.5 was used to calculate the means. Significant differences between values of inhibition were determined by Duncan′s multiple range test (p<0.05), following one-way ANOVA.
RESULTS
The inhibitory effect of oregano extract on the colony growth of tested fungal species after 14 days of incubation is presented in Table 1 . Growth rate and colony growth inhibition of tested fungi in the presence of oregano extract are presented in Figures 1-6 . versicolor and E. chevalieri, at lower concentrations (0.35%(v/v) and 0.70% (v/v)). All in all, significant inhibitory effects of oregano extract statistically differentiated at high concentrations (1.50% (v/v) and 2.50% (v/v)) ( Table 1) . The increasing concentrations of oregano extract caused absence or delay in germination of tested fungi, showing various inhibitory effects on the growth rate reduction. The lowest tested concentration (0.35% (v/v)) delayed the growth of E. rubrum for one day, whereas the colony growth of other fungi was observed already on the first day. The extract concentration of 0.7% (v/v) delayed the growth of E. rubrum for 4 days, and the growth of E. chevalieri and E. amstelodami for one day. At 1.5% (v/v) concentration, colony growth delay of one day was observed for A. versicolor, E. nidulans and E. herbariorum, of two days for E. amstelodami, and of three days for E. chevalieri. The growth of E. rubrum was completely inhibited at 1.5 and 2.5% (v/v) doses during 30 days of incubation. Moreover, it was noted that 2.5% (v/v) extract concentration completely inhibited the growth of E. herbariorum during 30 days of incubation. At this concentration, the following delays in the colony growth were observed: three days for A. versicolor, 19 days for E. nidulans and E. chevalieri, and 25 days for E. amstelodami (Figures 1-6) .
Twenty components were identified in oregano extract: carvacrol (34.20%), triacetin (22.91%), carvone (18.05%), p-cymene (8.05%), thymol (3.74%), limonene (3.36%), γ-terpinene (2.35%), dill ether (1.69%), linalool (1.51%), α-phellandrene (0.97%), β-caryophyllene (0.90%), camphene (0.31%), myrcene (0.31%), α-terpineole (0.29%), α-pinene (0.28), dihydrocarvone (0.24%), α-thujene (0.23%), borneole (0.22%), α-terpinene (0.20%) and 4-terpineole (0.05%).
DISCUSSION
The oregano extract at the tested doses showed a capacity to reduce or inhibit the growth of tested fungi. Inhibitory effect of extract increased proportionally with dose and was also affected by treatment duration. The efficiency of inhibition depended on the fungi resistance to the applied extract. According to Duncan's multiple range test, all concentrations of oregano extract had significantly different values of inhibition ratio in comparison to the control. Significant differences between the tested fungi were found, and partially between the concentrations of oregano extract. Low concentrations (0.35% (v/v) and 0.75%(v/v)) showed no significant differences in inhibition, while high concentrations (1.50% (v/v) and 2.50%(v/v)), in contrast, showed significant differences of inhibition.
The strongest inhibitory effect was expressed against E. rubrum. A. versicolor was the least sensitive fungus. Significant antifungal effect was scored fot the concentration of the extract above 0.7% (v/v). The oregano extract at 1.5% (v/v) showed fungicidal effect (MFC) against E. rubrum. Fungicidal effect was also registered against E. herbariorum at 2.5% (v/v), whereas minimal inhibitory effect (MIC) was observed against E. nidulans, E. chevalieri and E. amstelodami.
Concentrations over 2.5% (v/v) exhibited MIC against A. versicolor.
Earlier studies also reported strong inhibitory effect of oregano on some molds, food contaminants. A k g u l and K i v a n c (1988) reported that, among ten spices investigated, only oregano extract showed antifungal effect against nine tested fungi. The addition of grinded oregano and thymian into the growth medium reduced the production of aflatoxin by Aspergillus parasiticus (S a l m e r o n et al., 1990), whereas its extract at 2% completely inhibited the growth of this species during 10 days of incubation at 30˚C (Ö z c a n , 1998). Essential oil of oregano was described as strong growth inhibitor of fungi. P a s t e r et al. (1995) demonstrated the antifungal activity of oregano essential oil at concentration of 2 and 2.5 μL/L on the mycelium and spores of A. niger, A. flavus and A. ochraceus al., 1996 ; D o r m a n and D e a n s , 2000).
Besides the growth inhibitory effect, oregano extract caused changes in the macro and micro morphology of the tested fungal species. At higher concentrations (0.7, 1.5 and 2.5% (v/v) ), non-characteristic, markedly convex colonies with firm, granular structure were formed (A. versicolor, E. rubrum) , with central depression (E. nidulans), and diminished conidiation. In addition, at the same extract concentrations, examination of microscopic preparation showed deformation of hyphae with frequent occurrence of fragmentations and thickenings, rare vesicles and conidia typical for these species, and the absence of fruiting bodies (E. rubrum, E. amstelodami, E. chevalieri and E. nidulans) . Deformed ascomata without ascus were observed with E. herbariorum. These morphological changes indicated the possibility that changes on cellular levels had occurred (destruction of fungal cells, decrease in the oxygen uptake, reduction in the cellular growth, inhibition of the synthesis of lipids, proteins and nucleic acids, changing in the lipid profile of the cell membrane and inhibiting the synthesis of the fungal cell wall) (A d e t u m b i et al., 1986 ; G h a n n o u m , 
CONCLUSION
Finally, it can be concluded that oregano extract, apart from enhancing food palatability, can be used as a potential antifungal agent against investigated xerophilic molds -producers of sterigmatocystin. Therefore, further investigations should be conducted on the profiles of other food contaminant fungi from genera Penicillium, Aspergillus, Fusarium, Cladosporium, etc. Also, the evaluations of tested extract concentrations in real food systems should be continued.
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